Abstract. Numerous studies on Jet Production, Vector Boson Production, V+Jets Production and Multi-Boson Production have been carried out by the Compact Muon Solenoid (CMS) Collaboration to test perturbative quantum chromodynamics (QCD) predictions, and to put more stringent constraints on PDFs (Parton Distribution Functions). In this paper, some of these experimental results will be presented, and their possible impacts on Higgs physics and new physics searches will be discussed.
Introduction
The LHC is the worlds largest and the most powerful collider which is 27 km circumference long, and has been run at 7 TeV and 8 TeV of pp center of mass energies so far. The collider hosts four main detectors (ALICE, ATLAS, CMS, LHCb). The first pp collisions have taken place in March 2010, the first Pb-Pb collisions have taken in November 2010, and the first p-Pb collisions have taken in September 2012. The Compact Muon Solenoid (CMS) is a multi purpose detector at the LHC which consists of several layers where each one is specialized to measure and identify different classes of particles. The detector requirements for the CMS along with its scientific targets can be given as; a good muon identification and momentum resolution, a good charged particle momentum resolution and reconstruction efficiency in the inner tracker, a good electromagnetic energy resolution, good diphoton and di-electron mass resolution, and good missing transverse energy (MET) and dijet mass resolution, having the word good as the maximum possible excellence with the current technology. LHC pp collisions covers an extensive and unexplored kinematic region. In these pp collisions at LHC, QCD processes are the dominant processes. They affect all measurements; as signal or as background. Hence, it must be understood in great detail. A more precise knowledge of QCD is important for new physics searches as well as for SUSY searches where the multijet production plays an important role. 1 . An excess of events is observed above the SM background which indicates the existence of a new particle. This excess has a local significance of 5.0 σ, at a mass value of near 125 GeV where the expected local significance for a SM Higgs boson of that mass is 5.8 σ. The global p-value in the search range of 115-130 (110-145) GeV corresponds to 4.6 σ (4.5 σ). The excess is most significant in the two decay modes with the best mass resolution, γγ and ZZ, and a fit to these signals gives a mass of 125.3 ± 0.4(stat.) ± 0.5(syst.) GeV. Studies on the spin and the parity of this newly discovered particle indicate that it is the foreseen scalar boson [3] .
QCD Results from the CMS

Jet Reconstruction and Calibration
Jets are invaluable objects to probe QCD. They are experimental signatures of quarks and gluons. A jet is an object that is clustered out of collimated spray of particles by using a set of mathematical rules. CMS's default jet reconstruction algorithm is "anti-k T jet" algorithm which is a successive recombination algorithm (belongs to the k T family). It is an infrared and collinear safe algorithm that tends to cluster around the hard energy depositions resulting geometrically cone-like jets. The jet reconstruction in CMS follows the "E-Scheme" such that addition of Lorentz vectors of massless particles ends up with massive jets. Details of the CMS jet reconstruction and calibration can be found in the related CMS publicaton [4] .
Strong Coupling Constant Measurements
Running of the strong coupling constant α S is a defining property of QCD physics phenomena. Hence, the determination of its evolution becomes very essential for LHC physics and for the future collider 1 A recent study on the observation of the Higgs boson with 19.7 fb −1 at √ s= 8 TeV was published after the talk was presented [2] . projects. Apart from that, new physics may affect the running of the strong coupling constant [5, 6] . Using predictions from theory at next-to-leading order, complemented with electroweak corrections, the strong coupling constant is determined from the inclusive jet cross section to be α S (M Z ) = 0.1185 ± 0.0019 (exp.) ± 0.0028 (PDF) ± 0.0004 (NP) + 0.0055 (scale), which is in agreement with the world average. All fits have also been carried out for six bins in inclusive jet p T separately in order to test the running of the strong coupling, where the scale Q of α S (Q) is identified with p T . The observed behaviour of α S (Q) is consistent with the momentum scale dependence predicted by the renormalization group equation of QCD and extend the H1, ZEUS, and D0 results to the 1 TeV region [7] .
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Dijet Mass Production Cross Section at 8 TeV
The invariant mass of the two jets can be given in terms of proton momentum fractions x 1,2 . The dijet cross section as a function of M j j can be precisely calculated in perturbative QCD and it also allows sensitive searches for physics beyond the Standard Model, such as dijet narrow resonances or contact interaction searches. A measurement of dijet production cross section has been performed by CMS with the data taken from LHC proton-proton collisions at √ s= 8 TeV, corresponding to an integrated luminosty of 9.2 fb −1 . The spectra measured in five different rapidity bins from 0.0 to 2.5 by 0.5 intervals and the comparison with the theory predictions reported [8] .
Z Boson and b Jet(s) Cross Section
The production of a Z boson, decaying into two leptons and produced in association with at least one b jet, is studied using pp collisions in LHC at √ s= 7 TeV. The study was done with the 5.0 fb −1 of data recorded in 2011 with the CMS detector. The Z(ll) + b-jets cross sections (where ll = μμ or ee) are measured for a Z boson produced with exactly one or at least two b jets. In addition, a cross section ratio is extracted for a Z boson produced with at least one b jet relative to a Z boson produced with at least one jet. The measured cross sections are compared to various theoretical predictions, and the data favor the predictions in the five-flavor (5F) scheme, where b quarks are assumed massless. The kinematic properties of the reconstructed particles are compared with the predictions from the MadGraph event generator using the pythia parton shower simulation [10] .
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γγ Differential Cross Section
The measurement of differential γγ production cross sections provides an important test of perturbative and non-perturbative QCD. Diphoton production creates the major source of background in the γγ decay channel of the newly discovered Higgs boson [1] , as well as to searches for physics beyond the standard model. New physics processes may also appear as non-resonant deviations from the predicted diphoton spectrum in events with large missing E T . Alternatively, some models such as the graviton in the Randall-Sundrum model for warped extra dimensions even predict narrow resonances. In CMS, such cross section measurement for the production of a pair of isolated photons in pp collisions has been done with 5.0 fb −1 of data as an update of a previous measurement [13] . It probes a phase space defined by a highly asymmetric selection for the transverse energy (E T ) of the two photons. This is the first time that such a phase space is probed at hadron colliders. 
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00020-p.5 Table 1 : Cross sections for the production of a Z boson with only one b jet, with at least two b jets, with at least one b jet, and the ratio with respect to at least one jet of any flavor, showing the statistical and systematic uncertainties. The expectations from MadGraph, mcfm and aMC@NLO include uncertainties due to scale variations.
WZ and ZZ production in final states with b-tagged jets
Measurements are reported of the WZ and ZZ production cross sections in proton √ s= 8 TeV in final states where one Z boson decays to b-tagged jets [14] . The other gauge boson, either W or Z, is detected through its leptonic decay (either W → eν, μν or Z → e + e − , μ + μ − , or νν). The results are based on data corresponding to an integrated luminosity of 18.9 fb −1 collected with the CMS detector at LHC. The measured cross sections, σ(pp → WZ) = 30.7±9.3 (stat.) ± 7.1(syst.) ± 4.1 (th.) ± 1.0 (lum.) pb and σ(pp → ZZ) = 6.5 ± 1.7 (stat.) ± 1.0 (syst.) ± 0.9 (th.) ± 0.2 (lum.) pb, are consistent with NLO QCD calculations. Figure 6 : (a) Best-fit values of the ratios of the VZ production cross sections, relative to SM predictions for individual channels, and for all channels combined (hatched band). (b) Contours of 68% and 95% confidence level for WZ and ZZ production cross sections. The large cross indicates the best-fit value including its 68% statistical uncertainty, and the light small cross shows the result for the MCFM NLO calculation.
QCD Related New Physics Searches
Search for Narrow Resonances in Dijet Mass Spectrum
As it was mentioned before, new physics may show up in the dijet mass spectrum as a bump. A search for the production of new particles decaying to pairs of partons (quarks, antiquarks, or gluons), in the dijet mass spectrum in pp collisions at √ s=8 TeV has been performed with the 4.0 fb −1 of data collected with the CMS in 2012 [15] . No significant evidence for narrow resonance production is observed. Upper limits are set at the 95% confidence level on the production cross section of hypothetical new particles decaying to quark-quark, quark-gluon, or gluon-gluon final states (cf. Fig.7) . These limits are then translated into lower limits on the masses of new resonances in specific scenarios of physics beyond the standard model. For the first time mass limits are set for the Randall-Sundrum graviton model in the dijet channel.
Three-Jet Resonances
Another search for three-jet hadronic resonance production in pp collisions at √ s=8 TeV has been conducted with a data of 19.4 fb −1 [16] . The signal models explored assume R-parity-violating supersymmetric gluino pair production and have final states with either only light-flavor jets or both light- 
